Local recurrence of bilateral breast carcinomas is rare, but of biological interest, since it is unclear as to which tumor the local recurrence is related to, the ipsilateral or the contralateral, or whether it is an independent neoplasm. The aim of this study was to investigate the genetic relationship of bilateral breast carcinomas to each other and to their local recurrences. Eight cases of bilateral breast carcinomas, five with and three without local recurrence were analyzed using a microsatellite assay for 13 microsatellite loci. The presence of loss of heterozygosity and microsatellite instability in the various tumors was used for clonal analysis. All eight bilateral breast carcinomas showed divergent alterations in at least two microsatellite loci, which ruled out a genetic relationship. Four of five local recurrences were genetically related to the ipsilateral tumor and unrelated to the contralateral tumor. Only one local recurrence that occurred 11.8 years after the surgery of an infiltrative lobular carcinoma simultaneously with distant metastases was genetically related to the contralateral breast carcinoma. Although the number of cases in our study is limited, there is evidence that local recurrence of bilateral breast carcinoma frequently arises from the ipsilateral tumor. Keywords: bilateral breast carcinoma; local recurrence; microsatellite analysis; loss of heterozygosity; clonality Epidemiologic data on breast carcinomas show that 2-11% of breast carcinoma patients will develop contralateral breast carcinoma in their lifetime. Women with unilateral breast carcinoma are at a 2-6-fold increased risk of developing contralateral breast carcinoma, compared to the risk in the general population.
Epidemiologic data on breast carcinomas show that 2-11% of breast carcinoma patients will develop contralateral breast carcinoma in their lifetime. Women with unilateral breast carcinoma are at a 2-6-fold increased risk of developing contralateral breast carcinoma, compared to the risk in the general population. 1 Bilateral breast carcinomas are of particular interest with respect to their relationship, whether they represent independent neoplasms or occur by metastatic tumor spread. This issue becomes more complex in the setting of local tumor recurrence. In this situation, the question arises whether the local recurrence is related to one of the bilateral tumors or is an independent, de novo arising neoplasm, or whether both of the tumors and the recurrence are metastases of the other tumor. The fact that whether bilateral breast carcinomas and its local recurrence have to be considered a local or a metastatic process has important therapeutic and prognostic implications.
A second independently arising breast carcinoma is favored, if the histological tumor types are different. However, if the histological tumor types are identical, the distinction between a subsequently occurred novel tumor and a local recurrence of the original tumor is difficult. Conventional parameters such as the histopathological grade and various immunohistochemical analyses such as estrogen, progesterone and HER-2/neu receptor expression are not reliable to prove the relationship of these tumors.
During recent years, several studies using different molecular methods have indicated that bilateral breast carcinomas are most likely genetically unrelated, [2] [3] [4] irrespective of synchronous or metachronous occurrence. These findings suggest that bilateral carcinomas of the breast arise independently and not due to metastatic spread. This hypothesis is supported by the fact that patients with bilateral carcinomas have a better prognosis compared to patients with distant metastases. 5 However, the relationship of a local recurrence to either of the bilateral tumors has not yet been studied by molecular genetic analysis.
The aim of this study was to assess the genetic relationship of unilateral local recurrences in the setting of bilateral breast carcinoma by microsatellite analysis on formalin-fixed, paraffin-embedded tissue of the primary and the locally recurrent tumors. We are aware that the number of cases in this study is small due to a limited availability of appropriate cases but, nevertheless, we consider the results of common interest.
Materials and methods

Patient Selection
The cases were retrieved from the files of the Department of Pathology, University of Graz, Austria. Although at this department, nearly 900 breast carcinoma diagnoses are made each year, only five patients matched the search criteria. A local recurrence (LR) was defined as recurrent carcinoma within the same breast after breast-conserving therapy or within the ipsilateral mammary region after mastectomy. Tumor type and histopathological grade were reassessed for tumors and recurrences according to standardized guidelines. 6, 7 Postoperative staging followed the UICC guidelines. 8 
Molecular Analysis
Paraffin blocks with representative primary and recurrent tumor tissue, which had been fixed in 8% neutral buffered formalin, were selected from each case. Tumor-free lymph nodes were used as paired normal (non-neoplastic) tissue controls.
Tissue sections, 5 mm thick, were deparaffinized in xylene and stained with hematoxylin. To obtain at least 70% of pure tumor DNA and to avoid contamination of normal tissue by tumor cells, all tissues were microdissected using an inverted microscope and sterile blades and needles. The microdissected tissue samples were incubated in xylene for 15 min at room temperature, centrifuged at 13 000 rpm. and washed twice with 100% ethanol. The pellets were dried in a vacuum centrifuge for 30 min at room temperature and resuspended in 100-300 ml of 50 mmol/l Tris buffer (pH 9.0) containing 400 ng/ml proteinase K (Boehringer Mannheim, Germany) overnight at 551C.
For microsatellite analysis, 13 microsatellites were used. The microsatellites ( 21, 22 ), respectively. The microsatellite loci were amplified by polymerase chain reaction (PCR) as published previously. 22 The primer sequences were obtained from the 'Genome Data Base' at www.gdb.org and the primers were synthesized on a DNA synthesizer, Model 392, from Applied Biosystems Inc. (Foster City, CA, USA). The forward primers were endlabeled with Cy-5. The PCR products were separated on a 6% polyacrylamide gel and automatically detected on an ALF DNA Sequencer (Amersham Pharmacia Biotech). In each case duplicate assays were run for each microsatellite locus, and for some microsatellite loci a third run was performed to rule out spurious results for allelic loss.
Loss of heterozygosity (LOH) was defined as a complete or partial (at least 50%) signal reduction of one of the two corresponding alleles in the matching tumor and recurrence DNA, respectively, compared to normal DNA. It was also analyzed whether the longer or the shorter allele was lost. Microsatellite instability (MSI) was defined as the presence of new alleles in the tumor or recurrence DNA, which were not present in normal DNA.
Tumors were considered to be genetically related, if genetic alterations (LOH and MSI) were identical. Additional alterations in the later occurring tumor and the local recurrence, respectively, were considered to be compatible with a genetic relationship according to a progression model with increase of genetic alterations during tumor growth and spread. 20, 23 If genetic alterations present in the earlier occurring tumor were not found in the later occurring tumor, a genetic relationship was not considered since an acquired genetic alteration is considered to be retained during tumor progression.
Immunohistochemistry
Immunohistochemistry for estrogen (ER) and progesterone receptors (PR) and HER-2/neu was performed on consecutive paraffin sections using standardized procedures on automated systems for ER and PR (Ventana Medical Systems Inc., AZ, USA) and for HER-2/neu (DAKO, Glostrup, Denmark). As primary antibodies clone 6F11 (Ventana) was used for ER and clone 1A6 (Ventana) for PR. The HercepTest TM (DAKO) was used for HER-2/neu determination. Cases were scored as positive for ER and PR, respectively, when at least 10% of nuclei were immunoreactive. HER-2/neu was scored according to the manufacturer's instructions (DAKO). Score 3 þ was considered positive for HER-2/neu overexpression.
Results
The clinicopathological features of the cases studied are detailed in Figure 1 . The median age of the eight Figure 1 Clinicopathological details of the cases studied.
Local recurrence of bilateral breast carcinomas P Regitnig et al patients at first surgery was 53.4 years (range: 32.1-69.1 years). In three of the eight cases the bilateral breast carcinomas occurred synchronously. In five cases, the contralateral carcinoma occurred within a time period between 1.3 and 10.1 years (median 2.4 years). The recurrent breast carcinomas occurred 1.2-11.8 years (median 3.4 years) after the first surgery. In three cases the LR occurred almost at the same time as the contralateral tumor, in one case the recurrence occurred earlier than the contralateral tumor and in one case 11.8 years after synchronous bilateral breast carcinoma. Occurrence of primary and recurrent tumors is detailed in Figure 1 . Two patients with LRs were treated by bilateral mastectomy, two by mastectomy on one side and lumpectomy on the other side and one by lumpectomy on both sides. Axillary lymph node resection was performed in all cases. Histologically, three patients presented with bilateral infiltrating duct carcinoma of no specific type (IDC), four with bilateral infiltrating lobular carcinoma (ILC), and one with an IDC on one side and a mucinous carcinoma on the other side. In this latter case the LR was an IDC occurring on the same side as the primary IDC. In the other four cases with LR, the same tumor type was found both in the bilateral tumors and the LR, but with slight histological differences regarding the amount of desmoplastic stroma and the percentage of solid formations. Thus, histological features could not determine a relationship.
Postoperative staging according to UICC guidelines showed varying tumor categories ranging from pT1b to pT4d. Bilateral lymph node metastases were present in five cases, unilateral in two cases, and one case was free of lymph node involvement. Tumor grades ranged from grade 1 to grade 3 and differed only in one case between the left-and the right-sided carcinoma. All LRs showed the same tumor grade as the ipsilateral carcinoma.
Three of eight bilateral breast carcinomas showed divergent results concerning ER, PR and HER-2/neu immunoreactivity. Four of the five LRs showed identical immunohistochemical results compared to the ipsilateral tumor. The immunohistochemical results are further detailed in Figure 1 .
Of the investigated microsatellite loci, 180 revealed informative results, of which 13 harbored MSI and 37 LOH. In the primary tumors the most frequent genetic alterations were detected at D17S250 (six), followed by D18S59 (five). Alterations at a microsatellite locus related to BRCA1 (D17S855) were found in four out of eight bilateral breast carcinomas. Other microsatellite loci, particularly, those associated with BRCA2, p53 and PTEN did not show frequent genetic alterations.
Discrepancies between the bilateral primary tumors regarding the occurrence of LOH or MSI were found in all eight cases ranging from two to five discrepant loci per case (median 3). Details are shown in Figure 2 . These discrepancies made it unlikely that the bilateral tumors were related. In four of the five cases with LR, all genetic alterations present in the ipsilateral primary tumor were found in the LR whereas the genetic alterations were discrepant to the contralateral tumor. In addition, one to two additional genetic alterations that were not present in the primary carcinomas were found in the LR. All genetic alterations present in the ipsilateral primaries were retained in any of the LR.
A discrepancy between the LR and the ipsilateral breast carcinoma but similarity to the contralateral primary was found in one case of an ILC. This case was also clinically distinctive from the other cases, since the LR appeared 11.8 years after the primary diagnosis and was associated with multiple bone metastases.
Discussion
Bilateral carcinomas of the breast with LR may be considered an experiment of nature for the study of tumor spread. They can potentially reflect (i) metastatic spread of one tumor; (ii) two tumors of which one recurred; or (iii) three unrelated neoplasms. In the clinical management of breast carcinoma patients, it is important to separate local recurrences of a previous ipsilateral breast carcinoma from metastases to the contralateral breast, since the former are considered a local process whereas the latter are considered to reflect systemic tumor spread. Molecular analysis on microdissected tumor tissue may help to uncover the genetic relationship of multiple, simultaneously or subsequently occurring tumors.
Although the number of cases was limited in this study, the results may be valuable for the understanding of multiple occurrence and spread of breast carcinoma. We consider three observations as being of further interest. First, in accordance with other studies, bilateral breast carcinomas are genetically unrelated. [2] [3] [4] Second, like in unilateral invasive and noninvasive breast carcinomas, LR of breast carcinoma is most likely related to the preceding carcinoma of the ipsilateral breast and not a de novo occurring carcinoma. 22, 24 Third, like in unilateral breast carcinomas, LR in bilateral carcinomas is also characterized by an increase of genetic alterations.
In the particular setting of metachronous bilateral carcinoma of the breast, it is possible that both the recurrence and the contralateral tumor are metastatic. However, our findings suggest that usually subsequent carcinoma of the contralateral breast develops independently and not due to metastatic spread and that the LR is related to the preceding ipsilateral tumor.
The origin of the locally recurrent tumors, however, remains unclear. There are several possibilities that we previously discussed in detail. 22 One possibility is the development of the LR from vital tumor cells derived from the ipsilateral tumor. At least in a subset of cases, tumor cells may survive for many years in the area of the remaining 'tumor bed', but also in lymph vessels, even after surgical treatment, radiation and chemotherapy, and proliferate after a period of dormancy. Another possibility is the development from the same precursor lesion as the ipsilateral primary carcinoma, such as ductal carcinoma in situ, ductal hyperplasia with or without atypia or even from normally appearing yet already genetically modified ductal epithelium. 24 In the setting of metastatic tumor spread, LRs may also originate from a contralateral tumor, as in our case 4.
To determine the genetic relationship of multiple tumors in one organ and system, several molecular methods can be used, in particular, X-chromosomebased methods like the HUMARA assay, sequence analysis of frequently mutated genes and the analysis of microsatellites. 25 The advantage of microsatellite analysis is, in particular, its independence from patient's sex and the presence of specific mutations. Furthermore, microsatellite analysis can be performed on DNA extracted from formalin-fixed, paraffin-embedded tissue. By analysis of various microsatellites, a particular profile of alterations is obtained for each tumor that allows in most cases to assess the genetic relationship. It is assumed that once an allelic loss or MSI occurred the alteration is retained during tumor progression. 20, 23, 26 Therefore, recurrent or metastatic tumors share the profile of genetic alterations of the tumor they originate from but due to an increase of genetic instability may contain additional alterations. In contrast, genetically unrelated tumors show a discordant profile of alterations that cannot be explained by an acquisition of additional alterations in the recurrent or metastatic tumor cell clones. Thus, a recurrent or metastatic tumor that does not retain genetic alterations found in the primary tumor can be considered genetically unrelated. 27 Therefore, it can be assumed that only one discrepant microsatellite alteration is sufficient to rule out the genetic relationship of two neoplasms and a greater number of discrepant microsatellite alterations will more strongly support this assumption.
A direct comparison of most of the bilateral carcinomas and their local recurrences by its histological pattern and the expression of ER, PR and HER-2/neu did not allow to judge a potential relationship. In particular, a relationship of the bilateral and recurrent invasive lobular carcinomas Local recurrence of bilateral breast carcinomas P Regitnig et al could not be determined by light microscopy alone. Only in case 2 ( Figure 1 ) it was possible to determine an association of the tumors by histology since only one carcinoma and its ipsilateral recurrence revealed the identical histological type and grade (IDC, grade 3), whereas on the contralateral side a mucinous carcinoma was diagnosed.
Although the number of cases in this study is small and, thus, the conclusions drawn are limited, we think that our findings have some practical implications. In particular, it might be useful in a subset of multiple tumors with similar histological pattern to determine whether a neoplasm has newly occurred or is locally recurrent or metastatic. This can be obtained easily and at affordable financial expenses by molecular analysis, for example, microsatellite analysis. The result whether a tumor is locally limited at low stage or widely spread at high stage is not of academic interest but has potential therapeutical consequences.
